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METHOD FOR MOLECULE-MOLECULE INTERACTIQN ANALYSIS 
Technical field 

5 The invGiition relates to a method for labelling and andtysing molecule-molecule 
inteiacdonsbymass spectroscopy. FurthemcRte, w 
linker molecule and a kit for use in ihe method. 

Backfijoimd 

10 The success of the genome prcpects (up to the end of December 2000, over 150 pro- 
fcaiyotic and 40 euksryolic genomes are in progress or have been completed) has » 
suhed in the identificatLon of a vast number of open reading fiames wbioh poten- 
tially code for protdns. The main problem is now to assign fimctions to Ifae forty to 
sixty percent of the ORFs in a genome for which no fimction can be allocated. Two 

15 analytical chemical approaches to tMs can be identified: tranBcriptGODQics and pro- 
teomics. Transcriptomd^^ analyses the expression levels of the various mRNA spe- 
cies being transcribed using either a 'gene-chip^ or a SAGE ^proach. Hiis is use&l 
for identij^jdng under whicli conditions a particular protein is being expressed but 
provides litde direct information as to function. iProteomics^ the direct quantitation 

20 and analysis of eiq^ressed proteins, in»>vides a more direct approach to function 
definition. Froteomics can be divided into two areas: Expre&sion Proteomics at- 
tenxpts to define all the proteins being e^qpiessed in a cell and their post-transladonal 
modifications and how these change under various conditions. Cell-Map Fro- 
teomics attenqrts to define Ihe subcellular location of a protein and with which other 

25 proteins it is inteiactmg. It b this field which the inventors wish to address m this 
gcant application. 

Traditionally, protein-protein interactions bave been analysed by the isolation of 
protein complexes by 'soft' non-denaturing physico-chemical xnettxods such as ccn- 
30 trifiigation or afiSnity based isolations. This ^proach has been, facilitated by the use 
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of mass spectrometry to analyse the purijSed protdn complexes eidier as mixtures or 
after separation by SDS-PAGE. The metiiod suffers ficom stsveral drawbacks, the 
main one being the stability of the complex under fhc conditions of purificatioil and 
a lack of a general purification approach to allow a systematic analysis of many 

5 proteins. Hie latter problem has been stKceaafeUy addressed by the development of 
th^ TAP procedrae by the group of Bernard SenQthin at HMBL (Rigant et al.» Nat 
Bioteohnol 1999 Oct; 17(10): 1030-2 and Puig et al.. Methods 2001 jul; 24(3): 218- 
29). ORFs are modified so fihat Has ^teins they encode contain two aCGnity puxifi" 
cation (TAP) tags, which allow tibe labelled protein to be rapidly pmified to homo- 

10 gcneity. The resulting complex is then analysed by mass spectrometiy to identify the 
co-purifying proteins. 

An alternative app^adi to protein-proteni mteiaction snalyste has been the devel- 
opment of tiie yeast and bacterial two- and I3ire&-hybiid systems OFromonlrRacinB et 
15 al., Nat Genet 1997 Jul; 16(3): 277-82 and Uete et al,, Nature 2000 Feb 10; 

403(6770): 623-7). This has allowed genome-wide scans of all protrin-^aotein inter- 
actions in a genome to be canied out The main drawback here is ihat transient in- 
teractions andtimse induced by ligands orphospObotylaiiQn are not amenable to 
analysis by tins method. Hie TAP purification and two-hybrid system methods do 
20 not aDow one to define winch pKrtean is inteiactins with which olher protein in tiic 
eonqjlex and which paite of the two protebs are involved in fliis interacfion. 

Accordingly, there is a need for a new method in the field of pioteomics, solving the 
posed problems, fl»ereiby providhig a moie detailed information about molecule- 
25 molecule inteiadions. 

fiiiTTiwnflrv nf t he invention 

One object of the invention is to provide a method meeting the demands on this 
point. This and other objects are acctMnpHshed by a method for WbeUing a target 
30 biomoleoule, interactmg with a specific biomolecttle of interest (or bait) as disclosed 
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in the first claim of <he application. Hereby, Oie target biomolecule is labelled "V«th a 
iiniquB mass maiker, wMoh pteferaUy i$ detected by mass spectroscopy, using a 
pairat ion scamimg mode. The method is of a rather general i^jplicabiiity, allowing 
the studying of interactions between several types of biomolecoles. However, the 
stndy of interactiaiis between proteins and small molecules or ligands is at focus. 
Fuilkuwore, die invention relates to a tinker molecule tcsrvuae in lAeBing the spe- 
cific taiget and a kit for use in fhe metfaod of the inveniiQn. 

An advantage wifli die presnt inventicm is that it enables focus on transient and low 
afBnity protein-protein (ligand) interactions that the conventionfll methods described 
in die introduction do not allow. The inventors disclose hexem a mass spectrameiiic 
approach that wiU enable one to pick out die *taiget protein' to which dte labelled 
"baitptDtein' has been cross]ink»d. Theprotemofinterest^die'baieismDdiSedwith 
a chemioal or photoactiyatable Imko: either 'in sata' or extemally and flien intco- 
duced into liie cells. The bait can then be cn>ss<linkBd fay photolysis to Retarget 
under defined condMons. Ihe ceai is then lysed and the crosslinker cleaved to leave 
a unique chemical label (die mass marker) on the tarj^ which allows it to be r^ 
idly identified by 'parent ion' scanning in a mass spectrometer. The method 'mass 
marker transfer' is ^licable not only to prafteuvprotem inieraclion mapping but 
also to determudng the targets of small ozganic (or inocganic) molecules (ligands) in 
Hie cell. This {^rproach has tbe advantage in that it not only euafales one to identify 
die interacting partner but also to determine the doootain on the protein responsible 
foe die interactian. The mefljod is ideally suited to the analysis of r^d tiansient 
interactions such as diose that occur in signalling cascades as well as for the identi- 
ficaticm of receptors for small molecules such as drugs car signalling metabolites. 

Brief dese riDtton of dae drawings 

Figure 1 shows die general fona of Haker molecule of die inveudoii. 
Ftgnre 2 shows the chemical gtxucture of a specific UrSaet of fhe invention. 
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Figure 3 is a schematic outline of the principle of the mass marker transfer method 
of the invention. 

Figuie 4 shows the parent ion scaiming principle. 
Figure 5 shows a daughter ion spectrum and HPLC UV vs. RIC trace. 
5 Figttie 6 is a photo ofa diagonal gel eleottophoresisiuii. 

DedSnitioiis 

By "a target biomoleoule" is in this context meant ihe molecole 'vi^ch is defied to 
find and aoal^e. 

10 By the term "interacting biomolecide" is meant a biomoleciile that cffli attach to a 
taigethy cheamcal binding, ioaiic interaction, hydrogen bootidmg, afifinity adsorption 
or any o&er principle that coiiple one biomolecule to another. The intonaction may 
well be based on more than caie of flhc above mentioned principles. 
By "a biomolecule of interesif , or "bair is meant a znoleoab pofeidiailly having 

15 specificity for the target biomoleciiie. It is ftie inteiaction between the biomolecule 
of interest and the target biomolecule that is desired to monitor by the nivention. 
By "Hnfcer molecule" is meant a molecule, which is nsed for cross-linking the bio- 
molewrte of interest and the target biomolecule. The hnkcr molecule con^aises «an 
attachment parf' ffarbinfingto theWomolecuteof inteiESt,"aphotoadivatable 

20 parT* whit* has the abilily to be activated and fliereby be ab^^ 

biomolecule, "a deavable parT. wHch maybe cleaved dming the analysis step of 
the invention, and "a mass madcer part?* which provides a unique mass marker for 
the subsequent analysis. -.- 

25 T^gtailed desc riprion of the invention 

A first aspect of ftie invention is a method for identi^g an inteiactmg target Wo- 
molecule to a biomolecule of interest coanprismg &e steps of: 

(a) providing a biomolecule of mterest having spedfidly fiar the target 

(b) binding the biomolecule of mterest to at least one type of linker molecule, tiie 
30 Unkex naoleoule oomprismg at least one attacluneiitpart ibr binding to the 
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biomolecule of interest, one cleavable part, one mass marker part and one 
photoactivatable part, for bmding to the target; 

(c) contacting ihe biomolecule of interest with a cell or a cell extract; 

(d) e^sposiiig the cell to photolysis, whereby the photoactivatable pact binds to the 
target; 

(e) cleaving the linker molecule, thereby leaving the photoactivatable part and 
the mass marker part bound to the target; 

(f) analysing the product of step (e), thereby detecting the mass maifcer paxt> thus 
identijgdng the interacting target biomolecule to the biomolecule of intecest 

The target biomolecule is a polypeptide, a protein, a nucleotide, a small molecule^ or 
any oftier biomolecule, such as a fatty add or a carbohydiate. Preferably, the target 
biomolecule is a pxot^dDu 

15 As a firet step of the imrention the biomolecule of interest is provided. PiDefembly, 
the biomolecule of interest is provided in a concentration as close as possible to that 
as is naturally foxmd in the cell type being analysed. The method for isolating the 
biomolecule of interest depends on the nature of the molecule. For instance, drug 
molecules may be provided hy chemical synthesis, and proteins by expressio(D and 
20 puiificadoB. The biomolecule of inters is any Idomolecule, small molecule or li- 
gand, ^ch potential inteiacti<m vnSi anofliedr biomolecule is desired to stu^. Ac- 
cordingly, if its interaction wiih a spedfic target is aheady known, the present 
mefliod can be nsed to determine whether such a target is present in a specific celL 
This can for example be used in, diagnosis of disease, where the target then is a 
25 known madcer of a disease condition. Alternatively, vsrions ligands, such as a com- 
binatorial library of peptides, may be tested for their ability to bind specific target 
known to be present in a celt This can for example be used in the screening of new 
drugs or drag candidates. In one ^bodimcnt tiie biomolecule of interest is selected 
fiom the gro\3p that consists of a polypeptide, aprotem, a mieleotide, a small organic 
30 or inorgaoic molecule, a fetty acid and a carbohydrate. Preferably, the biomolecule 




of interest is a peptide, or a small molecule. In this context, the tenn "smair is used 
for molecules sufSciently small for tiie herein desc^ed use. The Annimum size of 
the biomolecule of interest is what is required for efficient binding. For instance, 
this may be tried out using a series of different sizes, whereby the best is chosen. 



5 The affinity of the biomolecule of interest for the target biomolecule should be suf- 
ficienfly strong for Ihe binding to last long enough for the hexein disclosed puipose, 
i.e. to enable an identilScatioda of a taiget, and may for example be in ihe raM to pM 
range, for esmapl^ 10 mM to 0,lpM. 

10 Thereaft^ (step b), file biomolecule of interest is bound* preferably by photoactiva- 
lion under conditions as close to native as possible, to a Iink» molecule. The linker 
molecule conqptises an attachment part for binding to the biomolecule of interest, hi 
one embodiment; fhe attacfameEit part of Ihe hnker molecule is designed to bind a 
specific ammo acid residue of the biomolecule of interest Jjx a pjceifened embodi- 

15 ment, the attachment part is aN-hydrcecyauccinimide moiety ox a N-maleimide* 

Furthemiore, the linker molecule comprises a photoactivatable part, for subsequent 
binding to a target biomolecule, a mass-marker pari; for allowitxg analysis of the tar- 
get^ and a cleavable part, for separatioD of the target and the agent 

20 

In the ne3£t s^ (step c)» the biomolecule of intetiest is introduced in a cell either by- 
active uptake (usually cells pick up peptides naturally by pinocytosis) or by pemi&- 
abiKsing the cells temporaiily, e*g. by digitonin. Alternatively, a cell ftee system 
may be used^ especially if one or more of the present biamolecules are carbohy- 

25 drates. Also* the cell may be perforated or in the fonn of a cell extract The mixture 
obtained of biomolecule of interest and cell or cell extract ia the allowed a sujfficient 
period of time for tiie desired binding to occur. In one embodiment where fhe target 
hiomolecule is a nucleotide^ the method also either provides entrance thereof into a 
nucleus of a cell or alternatively €ie interacting biomolecule is contacted ^vith a dis- 

30 nrpted nucleus. 
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Alternatively^ tfee experimem may be earned out m cell extracts. 

Thereafter, the cell or the cell-fiee system is exposed to pihoto]>^. The system is 
5 £»referably kqpt at constant temperature, and any standard UV lanop is nseable. Pref- 
erably, a mngeten catbide lanip is ftvouzed after filtezing to remove far UV, vAdch 
is done by pass mg the light Hnxm^x a 1 M copper su^hate sohition (padi lengdi 1 
em). Hereby* photoactivatable part of the linker molecide is activated, thereby 
allowing it to bind to the target biomolecole. In one embodiment, the photoacii- 
1 0 vatable part is an azide or a benzqphenone. Benzophenone may need repeated pho- 
toacttvattons in order to bind to the target However, if repeated activations are per- 
formedy the probability for the bensqphenoiu^part to bind to the target m^ be as 
high as 80 %. 

IS If the aotivatable part is a compound that can be activated by chemdca] means» the 
activation is provided by adding such a suitable chemical. C3temical activation is 
well known in die £eld of biochemistcy, and the skilled person can easily choose a 
suitable combination of chemically activatable part/chemical degcador or cleaver. 



20 The advantage of activating Ifae above discussed part for binding after it has entered 
the cell is that undesiied unspedfic binding with other molecales is ibexk avoided 
However, the above discussed part may have been activated to be able to bind a tar- 
get before being ocmtacted with the celU ns long as the bmding to the target is suffi- 
ciently specific for the method to be functionaL 

25 

Furthermore, in order to aohieve an adequate degree of binding,, ijo. one that lasts 
throughout^ present procedure and one that can withstand the conditions used 
(normally about 10% bindii^ degree is necessary), target linka molecules having 
varyinig lengths may be used in the invention, in order to secure that at least some of 
30 flie linkers bind to the taiget. Moreover, if the linker molecule is (very) long, it may 



28/12/2001 15: 0B NVCmED fiMERSHRM -> SBlKiMMWi 



8 

tend to iMnd water, thex^y limiting its activity for the target The reason for the 
linker molecule to be used in varying lengths, is that dne to the nature of the method, 
the site where the linker molecule may hind to the target as well as the parte of the 
biomolecule of interest and the taiget Iriomolecule that interact to one another, are 

5 unknown at fotehand Thus, it is desired to provide a Ifelsec molecule, which has the 
abOily to Wnd to the target Womol«ciile, even fhou^ fheie migjit be some distance 
between the binding site to the biomolecule of interest and to the target Inomoleciile. 
Moreover, by using linker molecules having varying lengtiw, isfotmation about the 
naturally occurring interaction between the baitand the target may be piovided; i.e. 

10 by studjTOg what lengfli of the linker molecule is optnnal forbinding to the target, 
infonnatiOin about distances between interacting parts of the target and the baitmay 
be revealed. 

AS meiriioncd above, in a speci&c embodimeot, Has preseart Inoniolecules are mi- 
15 cleotides, in wbicb case IhcAovedcscn^edlinlsOT is tnlored to link a nucleotide to 
anodier nucleotide, while keeping the feature of being cleavable as descnW above. 
Similaily. in alternative embodiments, the biomolecules are carbohydrates, and the 
1b& linker can link a carbohydrate to another carbohydrate. Especially advantageous 
embodiments are when flie Womotecules Le. the taiget aad the biomolecule of mtsx- 
20 est arc of dififtarent kinds, in which cases flic linker is capable of providing e.g. nu- 
cleotide-protein caxissljnidng, protem-carbohydrate etc.. 

Subsequently (step (e)), the linker molecule is cleaved, thereby releasing A© bio- 
molecule of interest from the target biomolecule, and leaving the part of the linker 
25 molecule comprisir« the mass marker bound to die target The cleaving of the 

cleavable part of the linker molecole may be performed by chemical means. In one 
embodiment the cleavable part is cleavedby an oxidising agent or by abase agent 
More specifically, ihe deavabte part may be a geminal diol or an ester linkage, 
which canbe cleaved bymild oxidation wifli 10irMpeciodate(30miimles.ioam 
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tenipeiature) or basic conditions pH 9 for two Jbtours, room teiqperature), respec- 
tively. 

Optionally, the product of Step (e) of the invention, fhe target biomolecule^ may bo 

S cleaved by enzymatic means either separately or combined ^th the above diacuased 
chemical means. For instance, the digestion maybe perfbmied 1^ using cyanogen 
bramide and/or trypsin. The cleaving can comprise an enzymatic digestion, sodh aa 
vath an enzyme, sucb » a pnstease (e.g. trypsin^ V8 protease, such as Stajibylococ- 
cns am^us VS protease, LysC, AspN etc) or a glycosidase, or a chemical digestion^ 

10 such as with cyanogen bromide. However^ as regards membrane and/or membrane 
associated proteins, due to ibeb: comi^act struotute and tendency to aggregate when 
denatuied, conventional eozyme digestions can be found to be inefficient In one 
embodiment which is esqpedaUy advantageous for meanbrane and/or memteane 
proteins, the cleaving instep (b) is an enzymatic digestion ineceded by addition of a 

1 S digestive chemical, such as cyanogen broimide* More spedficalty, Ihe present in- 
ventors have used a scheme wherein fhe proteins are first digested with cyanogen 
bromide in a powerfiil solvent, such as 70% fomric or frifluoroacetic add, with or 
without hexafluoropropanol. Ihis generates medium sized fragments which can be 
readily solubilised by a conventional method, e.g. in 1% SDS, before dilution to 

20 about 0.01% and di.^s1ion with LysC protease. In an attemative embodiment, acid- 
based deavages axe used«a$ reported by tiiie group of Tsugita(^^ 1998 and 
Kawakami et al. 1997)« Thus, in one embodiment, the deavu^ in step (b) is aser- 
ine/threomne cleavage with a fluorinated acid. In a detailed embodiment, site spe- 
cific cleavage at serine and threonine is earned out in peptides and proteins wift S- 

2S ethyltrifluorothioacetate vapour as well as at aspardc acid residues by exposure to 
0.2% heptafhiorobutyiic acid vapour at 90°C. Such a serlne/Uireonine cleavage 
method is advantageouss since Serand especially Thr axe found ofben in transmem- 
iHsne segments. In summaxy^ the skilled in this field can select Hust most appropriate 
mediod to cleave the proteins in the sample dep^ding on fectors such as the souxc e 

30 of the sample, fhe purpose of fhe labelling ete. The digested proteixis ohtained ac* 
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cording to present invention are much easier to handle since pbysiccchemically 
they are much simpler. Thus, an essratial advantage wifli the present inveo.'ddn is 
that the separaljon of peptides obtained according to the invention can be selected to 
pick out vixtaally any one or ones of those present in the original somple as protdns» 
since the present digestion will be essenliaUy total. Aocordingiy, in the step of separ 
ration and the subsequent labelTins, any one of all possible peptides (fiagmeaiis of 
pratehiB) can be treated, even oysteine-coniaining peptides, as will be discussed in 
more detail below* Thte should be campaicd to the prior art methods, wherein pro- 
tons can be Mddeti or concealed due c.g- to self-aggregation. Prior methods re- 
quired the separation of intect proteins and conld not deal witii peptide digests with- 
out losing the quantation aspect The pies^ mediod of cleavage provides homoge- 
nous peptides which can be separated wifiiout the problems associated wifli pirotdn« 
have maltq>le domains (hydiopholrio and hydrophilic) wfaidi cause them to run at 
multiple positions. The pcesent digestion method also allows fte analysis of paroteins 
that are otherwise completdy insoluble or are parts of large CdrqAexes whidi cannot 
be easily separated, especially cytoskeletal aggcegates or proteoglycans. 

The next step of the mefliod (step (0) is to sq»anrte and analyse the target bio- 
molecule witii its bound mass marker part Normally, ftis is performed by coupling 
an initial multidimensianal HPLC to a mass apecuu m e t er (MS). In one canbodiment 
of the piesent method, fte separation is by muK-dmiensionBl chcomatogcapliy. In 
another embodiment of the presemt method, standard reverse phase HOPLC is used to 
separate the majority of tihe peptides. In a specific embodiment which is efficient if 
it is desiied to getihe most hydrophobic peptides, a hydrophilic interaction chro- 
matography (HILIC) approach is used. Ahematively, a first dimension separation 
can be earned out by ion exchange m the presence of a detergent sach as octylghi- 
coside as demonstrated previously (James P, Inui M, Tada M, CWesi M, Caiafoli E. 
The nature and site of phospholamban regulation of tiie Ca2+ pomp of sarcoplasmic 
leticuhim. Nature. 1989 Nov 2;342 (6245) :90-2; James, P., Quadrom,M, Carafoli, 
E., and Gomet, (J. (1993) Bioehem.BiophysJies.Comm. 195, 58-64. Pttrtcin identi- 
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fixation by mass profile iGngexpiinting). The detergmt is thai easily removed prior 
to RP-HPLC-MS analysis by using a normal pliase puBcolunm. 

MQreover5 in a preferred embodiment of the mventkm^ fhe mass marker part has the 
5 ability to fiagment duriiig the analysis step. For example^ the mass maifa» part is 
thioetibQfl-pyridine. Heieby, a miique mass maika is achieved, which may easily be 
detected by mass spectrametry. In aprefeired embodimeni^ the MS is in apaimt ion 
scamiing mode (Anal Chem 1996 Feb l;68<3):S27-33* Parent ion scans of imsepa- 
rated peptide mixtures. Wilm Nenbauer Mann M. and Carr et al. 1993, Anal 

10 Chem 1993 Apr l;65(7):877-84 Collisional fiagmentation of glycopeptides by 

electrospray ionization LOMS and LC/MS/MS: methods for selective detection of 
glycopeptides in pdtotein digests. Huddleston MJ, Bean MF, Carr SA) (also de- 
scribed in "flie ss^mxple sectionX wherein teiget biomolecixles cuxuprising the 
diioethyl*ipyridine mass marfcn easily are detected at 106 m/z. Furthexmore, in a pre- 

15 fened embodiment the MS <^>erates in a data-dependeaDt m.ode, thereby switching 
from parent ion to daughter ion scamiing mode when a target biomolecule contain- 
ing the marker is detected 

In yet anoliier embodiment, the present method comprises the meiiiod described 
20 above, winch furdier comprises the step of idendiyiag the aituno acid sequence of at 
least one of fhe labelled peptides. 

In one embodiment, amino acid seqncnc© identification stqp is by mass spectral 
analysis using an ion trap spectrometer or a quadmpole time of flight (TOP) instrur- 
25 ment. However* as is realised by the skilled in this field, any MS instrument capable 
of carrying out and niieasoring peptide ft^gmenlation spectra can be used to this end. 

Moreover, the amino acid identification magr be followed by a data base seaidi, in 
order to find homologues, or oHier relevant informatiou, to fhe identified sequence. 
30 This may be done in order to assign a probable function for die identified sequence- 
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In yet another embodiment, the linker molecule may cflnqnise a fhioiescent proteiii 
tag, in order to make it possible to determine its location in the cell, to which it b 
intcodaced. Fuifliennore» the linker m.olecule may compiise a signal tag, directing it 
to a specific locatltnx OX coxxxpartment of a ceU. 



In another aspect, the invention lelatBS to a linker molecule, -which is especiaDy suit- 
able for xise m the method of ft© inventiott for ccoss-Imktng the hiomolecule of m- 
terest and the target biomolecule. One can envisian a wide range of possible 

10 crosslinkcrs that conld he tibc&I. Figure 1 shows the principal fimctional parts of 
such a molecule. Each position can be tailored to meet a variety of ueeds^ the 
chranical attachment group could be an N-hydrOxySucciimiiide moiety for modificar 
tlott Of lysine residues or an N-malefanide fiw cysteine labellii^. The cleavtibl© 
group could be a gemmal diol ^SK deacvage by oxidising agents or an ester Imkage 

15 for hase cleav^. Similarly the photoactivatable groi^ could he an a2ide for rapid 
labelling w a benzophenone for hi^ efficiency crossKnikmg. However, the mass 
transfer marker that will be used m all cases however will prefcaably be fliioefliylpy- 
lidine. The thioether bond is chemically extremely stable however it fia^ents 
readily under standard low energy MS/MS conditions in a tr^le quadiupole mass 

20 sperinmieter. The group leaves as a positwely charged ion wifli m/z of 1 06. This 
mass does not cori»8pood to any standard fiagment fe«md during low eoei:^ 

mentation of pqptides and tibus prorvides a unique madcer or tag fiar Uw peptide to 
which it is attached. In one preferred embodiment, the linker molecule is 2- 
be!izophettan-4-yl-carbonylamitto-4, 5-dihydroxy-6-(N-succimmidyl)-l-(4^ 
25 pyiidylethyltUo)-3-xi-hexattone (figure 2). However, many variants of fhis Imker are 
possMe. It should compiise the attachment part, the cleavable part; the label part 
and fte photoactivatfthle part, but tibey should mosfly be seen as functiosnal parts, 
and must notnecessarilyhe struotoxaHy distingmshed fiom each other. The core part 
of die linker molecule is its abiKty to render a muque mass marker in the gas -^xaaa^ 
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making it suitable for parent ion $ca3tuung, which feature is a result of the tiiioether 
bridge. 

The main advantage of tids afiproach compared to standard cross-linking methods 
5 mingxadioacdve transfer maikeis such 89 tte and 
G. Blohel (1984). "1251-labeled cxosdinldng teagent tibat is hydraphilic, photoacti* 
vatable, and oleavable through an azo-linkage.** Proc Nail Acad Sea U S A 81(17): 
5286-90) is that the crosslinked peptide is unequivocally identified during parent ion 
scanning. Radioactive markers have the problem that the peak of radioactivity oc- 
1 0 curs in an HPLC £:action together with many oftier peptides and so multidimien- 

sional chromatography is necessary. Also the detection of the cross-linked product 
and the identifLcation by sequencxntg occur concuirently. 

In yet another aspect, the isiveniion relates to a kit f<^ use in the method of identi:^- 
15 ing an mt^iacdng target biomoleottl^ to a biomolecole of intexest> such as the 

method according to the present invention, comprising in separate compartments at 
least one linker molecule, and optionally the biomolocule of interest Furtibermores 
the kit may conoqprise necessary reagents for the different steps of the method of the 
invention, bs discussed above or in the e^Lample sectiotn. The kit comprises amounts 
20 of the rea g ents, which is sufiidbnt for performing the method of the invention. 

hi one embodiment, the present kit comprises a biomolecule of interest in a suitable 
bnfifer, a linker molecule as described above, and a cleaving agent that can cleave a 
part of the Irnker under ^piopriate conditions, each component being inresent in a 
25 separate compartment In one embodiment, the linker comprise a part dxat can be 
photo^tivated to enable it to bind to a suitable target^ as described above. ]ji an al- 
tmurtive embodiment, said part of the Imker that can be activated by chemical 
means, in which case the kit also comprises a suitable substance fiv providing such 
activation. In an advantageous embodiment, tlie present kit compriises an interacting 




biomolecvle bound to a linker; adad optiozially a chemical compound capable of acti- 



vating a part of the linker to enable binding thereof to a target biomolecule. 

In stni anotlier aspect^ the invention relates to the use of a linker molecule as do- 
5 scnibed above, for labeling the taiget biomolecule in the method of IfaB invention. 

DetaileA des<ariptton of Hie drawings 

Figure 1 shows the general fonn of cross-linker molecule of &e invention compris- 
ing chemical attachment group» cleavable linker, mass marker and photoactivatable 
10 group. 

Figure 2 shows the chemical stniotuie of a specific Unkw of the invention^ namely 
2-beo2X)phenon-4-yl-caAonylanm 5-dihydraxy-6<N-8uccininMdyl>I-<4- 
pyri4ytelhylflno)-3-n-hexananc. 

Figure 3 is a schematic outUne of the i»indple of the mass mazker transfer me&od 
15 of the invention including the steps of ptotolysis and chemical cleavagQ. 

Figure 4 shows the parent ion scanning principle. Capillary HPLCp electtospray 
soorccs a tube with collision gas and detector are shown. 

Figure 5 show a daughter ion spectrum and HPLC UV vs. RIC tiaoe, with relative 
icn count / relative UV absorption on llie Y-asds and time on the X-axis. 
20 Figure 6 is a photo of a diagonal gel electrpphotesis mn according to conv^tional 
procedure. 

The invention will now be described with the following examples, wMch are only 
25 tntended to be of exemplifying character, and therefore not linntiQg the scope of the 
invoitian in anyway. 
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Pvample 1 - IfaepimciTileoflhemcftfaod 

Toillustrate^tfaeprindpleoflhemeth The linker is at- 

taqhed to lysine residues on Ihe bait protem. The protein is then introduced to a per- 
forated cell or a cell extract and allowed to eqinUbrate before photolysis. After 
OCP9 slinking the proteins are cleaved by OEsddisatiozi and the mixture is first digested 
^th cyanogen bromide and tiberi by tcypsiil. 

The complex peptide mixtarc is then analysed by multi-dimensional HPLC inter 
fkced by electrospray ionisalioii to a mass spectrometer operating in parent ion 
scanning mode a$ shown diagrammatically in Figure 4. By operating the mass 
apectrometer in parent ion ecanxdng mode, only those peptides tiiat give rise to an 
intense ion at 106 m/z will be detected The mass spectrometer can beprogrammed 
to operate in a data-depeadautmodev switching £bom parent ion to daught^ ion 
g«>¥mmg mcM^E p-pcB a peptide cantaining ftie marker is detected. Figiiie 5 shows a 
preliminary experiment (hat has been carded oat to validate the general pnndple of 
the approach- A synthetic Cabnodnlin-binding peptide was m.odified with the 
orossUnker a»d photolysed in the pxesence of calcium and CahnodiiUn. The mixture 
was flien digested with cyanogen bromide followed by trypsin and the peptides 
sqyaiated by HPLC- The UV trace in Figure 5 shows that the expected number of 
peptides axe geoierated whereas the parent ion total ion current trace shows that only 
one peptide has been labelled by the maw marker transfer meChod. 

Initially the inventors will synthesis again die nK^lecule shown in Figure 2 and later 
th€y win extend this to a range of photoactivatable probes specifically tailored to 
certain types of problem (such as nuclcotide-protein crosslinkins or proteia- 
(^Qcbohydrate for exaniple). 

Having synfliesised the orosslinkw molecule of Figure 2 (2-benzophenoa-4-yl- 
carbonylammo-4, 5-dihydraxy-6-(N-sucdmnmd3d)-l<4-pyri^^ 
hexanone) it is tested using the Cahnodolin systraa mentioned briefly above- Cal- 



28/12/'2B01 15:06 NYCDMED RMERSHRM •> SB1633BX4444 NU.^^ Wikil 



16 

tnodulin is an 1 8 kDa calchnn Wn<Jing ptotein involved in calcium signal transduce 
tion in many cells, i^on binding calcium it isndergoes a conformational change al- 
lowing it to bind a specific domain on its target proteins. The stmctttie of Calmo- 
dulin alone and as a con^lcx with seveatal of its targets has been dnddaied both by 
X-iay ctysta]IogrB|)hy and NMR and hence will allow the wventota to validate ihe 
resnlts fhcy obtain ftora the cross-linking experiments. CahnoduUn-bindjng domains 
fiom four diffeient proteins have been synthe^sed 



Example 1 - Site specific introdnction of tarobes jntowoteins 
10 Jh oid^ ISxrIbie metiiod«> be of general use, cme must be able to locale Hor 

crossUnkfiar on the "bait protein' at spedjSc locations, espedally if a protein interacts 
with nune that one taiget The invemore uses a ceH-frec translation syatcatnfliat is 
CommerciaUy a^t^ilable, the Roche rapiA translaiion syst»n (RTS). Hie N- 
maleiraide derivative of Figure 2 is ^rnSiesised and attached to cystine. This in 
15 turn can be coupled to a tKNA with a defined codon sperafidhy as described by 

Josef Bnumer's groiq> and more recently that of Peter Sdiiiltz. Site-specific inc<M> 
pmation of the cnsssiinker is TsspySiy adufived and commonly 100 jAg quantiti^ can 
be prepared overnight. The protein caxiies two affinity tags and can be n^dly puri- 
fied. The protein must tiien be introduced into the cells of interest by either adive 
20 tqrtalre or by pettncabilismg&eodls temporarily by di^^ Alternatively the ex- 
periment may be earned out in cell extracts. Once the oDNA encoding the protem is 
coirecdy engineered into the earner plasmid, one can rapidly produce mutants by 
PCR with the codon for the modified tRNA. Thus tens of proteins modified at dif- 
fbrent posilicms can be produced within a week once tibie system is set-up. 

25 

E ^cample 3 - Medioda f *^ analygg of latae complexes 

If a complex is very large another approach mnat be taken for flie mtroduction of 

i 

crosslmkers into the 'bait proteins'. The inventors introduce crosfiilihkets in a ran- 
dom feshiom by chemical mfians. A veiy gentle method of modification for 
J 30 ctosslinkins was introduced by tlie groi^ of Traut to map proteua-protem mterac- 

i 
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tions in the ribosome. Ixmnolhiolane. a reagent that reacts with lysine residues to 
give a free snlphydtyl group in their place, was used to modify the intact complex 
under mild conditions. Oxygen was then bubbled into the solution causing neigh- 
bouong sulphydryl groups to crosslink to form disulphide bridges. The complex 
5 was then separated by diagonal gel electrophoresis, in which the first dimension is 
non-reducing SDS PAGE and the second is done under leducuoig conditions. Non 
crosslinkedpiotdns appear along the diagonal axis at a position proportaqoaal to tfaeir 
mass wfamas crosslinked proteins appear as off di^ona] veirtically separated pairs 
as shown in Figiw 6. This method can be modified slightly to incoiporate a mass 

10 tuarker introduction step between Ihe first and second dimen^ Thus all interact- 
ing pairs appearing off-diagonal can be rapidly identified by protein fi:agpnent fin- 
gerprinting (James, P., Quadrom, M, Carafoli^ E., and Gonnet, G. (1993) 
Biochem.BiophysJles.Comm. 195(1), 58-64. Protein identification by mass profile 
fioigeiprinling.) and Iheir sites of inteoractiQn can be analysed simultaneously by the 

1 5 parent ion scanning melliod outlined in Figures 4 and 5 . 

Example 4 - Hiph throughput inteiactjon domain mapping 

An approach to mappii^ domain interactions between proteins can be tak^ which 
is similar to that used for mapping epitopes (Houghten, R. A. (1985). ^'Genecal 

20 method for the rapid solid-phase synthesis of large numbers of peptides: specificify 
of antigen-antibody intetaction at Ifae level of individual amino adds.** Pkoc Natl 
Acad Sci XJ S A 82(15): 5131-5.). The inventors synthesise a series of 2Qmer pep- 
tides which cover the entire sequence of a protein with 10 amino acid overlaps (Le. 
100 peptides are needed for a 100 kDa protein). Each of the peptides will have a 

25 crosslinker at its N-tenninal and a long deaveable spacer aim at its C-terminal sepa- 
rating it fixmitiiesii{^portingxestn. The qrrKihesis is carried out by a standard multi- 
parallel rob<rtic system (e,g, that of Advanced ChemTech amongst many others) in a 
96 well plate finmat. The known target protdn^wMch has been labelled with a 
fiuorracCTt group, is then added in the appropriate bufifer to die wells and allowed to 

30 equilibrate. The weUs ace &en washed under progres^vely more stringent condi-- 
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ticms and ihe fhiotescenc© in each well deteniiined after each round. Finally, the 
better binding peptides are Hien re-equiKbrated wilh target protein and photolysed. 
The binding position of each peptide an the target is then dcteimined and a domain 
inteiaction map is constructed. Th© procedui© is theai reversed and the bait protein 
5 is fhioiesceniJylabeUed and nsed to screen the peptides fiom the target 

binding resiilts are conelated with the first map to exclude non-specific interactions. 
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CLAIMS 

1. A method for identifying an inteiactiii^ target biomolecule to a biomolecule of 
interest conxpiising the steps o£ 

(a) providing a biomolecule of interest having spedficity for the target 
5 (b) binding the biomolecale of intecest to at least one type of linker molecule, the 

linker molecule compri^ng at least one attachment part for binding to the 
biomolecule of interest, one oleavable one ma$$ marker part and one 
photoactivatable part» for binding to the target; 
(c) contacting the biomolecule of interest with a cell or a cell extiact; 
10 (d) exposing the cell to photolyds, whereby the photoactivatable part binds to the 

(e) cleaving the linker molecule^ thereby leaving die photoactivatable part and 
the noass marker part bound to the tacgel; 

(f) analysing the product of step (e), thereby detecting the mass marker pact^ th^s 
15 identij^nboig the mteiacting target biomolecule to the biomolecule of interest. 

2. A method according to claim 1» wherein the biomolecule of interest is a protein 
orapeptide« 

3. A method accGsding to claim 1> wherein the taigetU^ 
peptide. 

20 4. A method accQltding to any one of the preceding claii^ 

die biomolecule of inteirest for the target biomolecule is in the interval of 1 0 mM 
to 0.1 pM. 

5. A method according to any on^ of the precediag clainjs, wherein the attachment 
part of the Imk^ molecule is designed to bind to a specific amino add residue of 

25 the biomolecule of interest 

6. A method according to any one of the preceding claims, whero 
part of the linker molecule is cleaved by chemical means. 

7. A method according to claim 6, wherein the clMvable part is cleaved by an oxi- 
dising agent or by a base agent 
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8. A method according to any one of the preceding claims, wherein the mass 
maricer part has tihe ability to fiagment during the analyEOS step. 

9. A method according to any one of the preceding claims, wherein at least two dif- 

iferent linker molecules are used. 
5 10.A method according to any one offhB preceding claims, wherein the Unker 

molecule is 2-benzophenoii-4-3fl-c«ifcoiiiylamhio-4, 5-dJhydttHsy-6-(N- 
succininridyT)-l<4-pyridyle1ihylftio>3-n-*«jranone 
11. A method according to any one of the preceding claims, wherein flie linker 
molecule fijither cou^rises a fluorescent protein tag, 
10 12. A method according to any on© of the preceding claims, wherein &e linker 
molecule conqjiises a tag directing it to a subcellular location. 

13. A method according to aiiy one of the preceding olauns* whereiix Ihp ceD of step 
(c) is perforrtBd, in the form of a cell extract or te a cell-free traaalatioa system. 

14. A method according to any one of the precediiig claims, therein Uie photolysis 
15 of step (d) is pecfoimed by exposing fiie cell to UV-light 

15. A mefliod according to step 14, wherein the photolysis is repeated at least once. 

16. A method aceotding to any one of the preceding claims, wherein the product of 
step (d) is chenucally and/cxr «i^^tically digested. 

17. Amcthod according to clam 16, whetdnthe digestion is perfonnedby cyano- 
20 gen bionnde and/or trypsin. 

1 8. A method acco«3ing to any one of the preceding claims, wherein step (f> is mul- 
tidimensional HPLC coupled to a mass spectrometer (MS). 

19. A method aocoiding to ckim 18, wherein the is in a parent ioa scamiing 

mode. 

25 20. A method according to claim 19, wherein the molecules ooanptising «xe marker 
w detected at 106 m^. 
21 . A method according to ofeim 20, wherein the MS operates in a data-dependent 
itnode, fhereljy switoHng fiom paient ion to daughter ion scamiing mode when a 
peptide oontaiiung the marker is detected. 
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22. A linker molecule, foruse in the method according to claim 1-21, for labelling a 
specific target biomolecule, comprising at least one attachment part for binding 
to tbe bicanolecule of intetest, one oleavable part, oaie mass marker part and one 
photoactivatable part, for binding to the target. 
5 la.Alii&er molecule according to cMm 22, ^HAercin 

linkBT moleoiile is a N-hydroxy&iicoiTiTTmde moiety or a N-maJeimide. 

24. A linkear molecule according to claim 22 or 23, wherdn &e cleavaWe part is a 
gennnal diol ca an ester linkage* 

25. A linker molecnle according to any one of claims 22 to 24, wherein the photoao- 
1 0 tivatable part is an aiade or a benzqphenone. 

26. A linker inoleculB according to any one of claims 22 to 25, wherdn fh© mass 
marker part is tWoelhyl^ra'ridine. 

27. A linker molecide according to any one of claims 22 to 26, vfbexma the linker 
molecule is 2-beozoplieaion-4-yl-caibanylamino-4, 5-diliydn»cy-6-(N- 

15 succinimidyl>l<4-pyridyletfayltbio)-3-n-hcjcBiione. 

28. Use of fte linker molecule according to claim 22-27 for labelling a qiedfic tar- 
giet faiGmolecule for subsequent MS parent ion scanning. 

29. A kit for use in the method sccom^jos *«> l-^l comprising at least one 
linker molecule acooiding to claim 22-27, optionaUy togettter wifliabiomalecule 

20 of interest in separate conqpartmenta. 



• 15:06 NYCOI^ WIEI^HflM 901633814444 ' NO. 226 f?027 




ABSTRACT 

The invention relates to ft metliod for monitoring interactions to a teirget biomolecule 
conqmsixig the steps of: providing a biomolecide of interest liaving specifilcity for 

5 the target biomoleoole; binding tibie l^iomolecule of interest to at least one type of 
linker molecule, the linker molecule con^iising a unique mass marker part; intro^ 
ducing the biomolecule of interest to a cell; binding Ibe linker to the target bio- 
molecule; cleaving the linker molecule, thereby leaving the photoactivatable part 
and the mass marker part bound to Hie target analysing the target biomolecule^ 

10 diereby detecting €bte unique mass marker part. Preferably, the detection is carried 
out by MS in a parent ion scanning mode, thereby allowing the interaction between 
the biomolecule of interest (or bait) and die target biomolecule to be studied 
Moreover, ibe invention rdates to a unique linker molecule^ as well as aldt for use 
in the method. 
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